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ABSTRACT: Microwave radiometry is a measurement technique which detects natural-thermal ra-
diation emitted by matter. The human brain having certain temperature and specific electromag-
netic properties emits chaotic radiation throughout the whole electromagnetic spectrum. A novel
Microwave Radiometry Imaging System (MiRaIS) comprising an ellipsoidal conductive wall cav-
ity and sensitive radiometric receivers, operating at low microwave frequencies (1-4GHz), has been
used the past four years in various experiments to assess its value as a potential intracranial imaging
device. With this view, current research aims at the improvement of the system’s focusing prop-
erties using matching layers made of dielectric and left handed materials that are placed around a
double layered human head model. Another approach tested, included filling of the whole ellip-
soidal with a lossless dielectric material in conjunction with reduction of the ellipsoid’s volume.
The results show better focusing properties in the brain areas of interest and improvement of the
system’s spatial resolution. Future research including mainly phantom and human experiments
implementing the above ideas will illustrate the value of the present simulation study.
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1 Introduction
Basic mechanisms underlying global temperature regulation in humans and animals have attracted
substantial attention from scientists, and considerable progress has been achieved in this area both
in health and disease. However, information on brain temperature regulation, especially its relation-
ship to function, is conflicting. Indeed, although numerous experimental studies have demonstrated
changes in the brain temperature of humans and animals upon functionally induced changes in brain
activity, the magnitude and even sign of reported temperature changes vary substantially [1].
MRI and magnetic resonance spectroscopy methods have been used to measure temperature
changes in the brain [2–4]. However, these require access to complex equipment, and they are not
suitable for routine measurements repeated over a prolonged period of time. They may, however,
have value in validating other methods.
A possible alternative method for noninvasive temperature sensing and monitoring, that is
completely passive and inherently safe, is microwave radiometry. It has been used in a variety of
diagnostic medical applications [5–7], including the investigation of intracranial thermogenic or
ischemic regions associated with tumors or vascular lesions [8, 9]. Microwave radiometry involves
measuring the power in the microwave region of the natural thermal radiation from body tissues to
obtain the brightness temperature of the tissue under observation.
Apart from temperature, electric conductivity is another varying parameter during brain activ-
ity. It is considered that the electrical conductivity of the brain is determined by the relative volumes
and differing impedances of the neurons, glial cells, blood, and extra-cellular fluid. If changes to
the relative volume of these components occur, brain conductivity will be affected. During func-
tional activity, there is a predominant impedance decrease (increase of conductivity) as a result of
an increase in blood volume. If such changes can be measured with the proposed method, then it
could be used to image brain activity [10, 11].
A novel Microwave Radiometry Imaging System (MiRaIS), comprising an ellipsoidal beam-
former and sensitive radiometric receivers operating at 1-4 GHz, has been developed for feasible
brain imaging via contactless measurements in our laboratory. Previous experimental results have
shown that the system is able to provide real-time temperature and/or conductivity variations in
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Figure 1. Geometry of the proposed microwave radiometry system.
water phantoms and animals and potentially in subcutaneous biological tissues [12, 13]. Also,
functional imaging experiments performed on humans show promising results concerning the abil-
ity of the proposed method to achieve spatial detection of activated cortex regions possibly related
to conductivity changes in these brain areas [14].
In this paper, several ways to improve the system’s focusing properties in order to explore
the possibility of using it as an intracranial imaging device in the future are introduced. All the
optimization scenarios presented herein were simulated using a FEM tool.
2 Materials and methods
The proposed microwave radiometry system consists of an ellipsoidal cavity with an opening aper-
ture to host the human head. The cavity is an exact replica of the ellipsoidal cavity of the Microwave
Radiometry Imaging System (MiRaIS) [12–17]. Its only difference is a cut made transversally to
its major axis at 5 cm distance of the focal plane. Therefore the new cavity has 1.25m length of
large axis and 1.20m length of small axis (figure 1). As a previous study has shown the cut made
doesn’t affect the focusing properties of the system [18].
The system’s operation principle is the following: the human head model is placed on the one
of the two focal points of the ellipsoidal cavity whereas on the other one a receiving antenna is
located. In this way the endogenous feature of the ellipsoidal that each ray originating from the
one focal point inside the ellipsoidal merges on the other focal point with the same path length is
exploited [19].
The present study is the solution of the reciprocal problem in order to reduce the computational
intensity. Hence, instead of placing the source in the head model, the response of the head model
placed on one focal point of the ellipsoidal cavity to the excitation generated by a dipole antenna
positioned on the other focus, is calculated.
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(a) (b)
Figure 2. (a) Field distribution inside the ellipsoidal without matching layer. (b) Magnification of the field
distribution inside the human head model.
As it has been already theoretically computed [12–15], the power measured at the output of the
radiometer is proportional to the product dT*dσ , where T is the temperature and σ the conductivity
inside the medium of interest. So, the system is able to pick up temperature and/or conductivity
variations inside the human brain as previous experimental results have also shown [14]. However,
in order to potentially use the system as an intracranial imaging device in the future, we must be
able to focus on any specific predefined area of the brain. Towards this direction, two optimization
scenarios concerning the focusing properties of the system are herein tested. Firstly, a dielectric
sphere and a layer of left handed material [20] are placed around the human head model. In this
way, a stepped change of the refraction index on the head-air interface is achieved which leads to
the reduction of the reflected electromagnetic energy. In the second approach, the ellipsoidal is
filled with a low loss dielectric material and its volume is reduced 25% from its initial value.
3 Simulation results
In this section the results of the simulations for the two optimization scenarios are presented. In
all the performed simulations the human head is modelled by a double-layered sphere comprising
two kinds of head tissues; the inner sphere of 8cm radius, representing the brain’s gray matter
whereas the outer spherical layer has a radius of 9cm representing the skull, all having the respective
conductivity and permittivity values at the operating frequency, 1 GHz [21].
In figure 2, we can see the electric field distribution inside the ellipsoidal and the human head
model in the absence of any matching layer. Great reflection of the field on the air – human head
model interface (intense red area on the frontal edge of the head model in figure 2(b)) and absence
of a clear hot spot formation are observed.
In the first optimization scenario, a sphere made of low loss dielectric material with permittiv-
ity value εr=6 and a layer made of left handed material with permittivity and permeability values
εr = µ=-1 are placed around the human head model. In this case, the field entering the head is
significantly enhanced, totally confirming our hypothesis (figure 3). Furthermore, there is a clear
– 3 –
2009 JINST 4 P06005
(a) (b)
Figure 3. (a) Field distribution inside the ellipsoidal with dielectric sphere and metamaterial layer. (b)
Magnification of the field distribution inside the human head model.
formation of a hot spot on the ellipsoid’s focal point which coincides with the center of the human
head model (figure 3(b)).
In order to check the spatial sensitivity of the system, another simulation was performed mov-
ing the head 5 cm away from the focal point along the x-axis and 6 cm along the z-axis. Without the
use of a matching layer or sphere, a weak hot spot with 2.6 cm3 volume is formed very close to the
head centre rather than the focal point (black dot, figure 4a) as desired. The presence of the sphere
and metamaterial matching layer improves the spatial resolution of the system as the hot spot has
now almost half its volume (1.4 cm3) and is formed 1.2 cm away from the focal point along the
x-axis and 3 cm along the z-axis, closer to the focal point rather than the head centre (figure 4b).
The second approach included 25% reduction of the ellipsoid’s volume plus filling it with a
low loss dielectric material with permittivity value εr=6. With the head placed on the focal point,
the magnitude of the penetrating field increases even more, without though the formation of a hot
spot (figure 5b).
Once again we wanted to test the system’s response in relative movements of the head inside
the ellipsoidal. Therefore the head centre was misplaced by 8 cm from the focal point along the
x-axis. In this case, a very intense hot spot can be observed deep in the human head model ap-
proximately 4 cm away from the geometrical ellipsoid focus along the x-axis with 1.8 cm3 volume
(figure 6). It is clear that the use of the dielectric filling material results in reducing the scattering
effects on the head-air interface.
4 Discussion/Conclusion
A simulation study of a microwave radiometry system is herein presented. Two optimization sce-
narios concerning its focusing properties were tested. In the first scenario, a sphere made of low
loss dielectric material and a layer made of left handed material were placed around the human
head model. This configuration was then compared with the simple case in which matching layers
are not used and the results showed significant enhancement of the field entering the human head
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Figure 4. Field distributions inside the human head model without (a) and with (b) matching layers (head
center 5 cm away from the focal point along the x-axis and 6 cm along the z-axis).
(a) (b)
Figure 5. (a) Field distribution inside the reduced size ellipsoidal filled with lossless dielectric material. (b)
Magnification of the field distribution inside the human head model.
model. Also, the system’s spatial sensitivity and resolution increased as a hot spot with smaller
volume was formed inside the head model. In the second scenario, the ellipsoidal was filled with
a low loss dielectric material and its volume was reduced by 25% from its initial value, resulting
in even greater enhancement of the field that penetrates into the head model. In this case also,
improvement of the system’s response to the relative movements of the head inside the ellipsoidal
was observed.
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Figure 6. (a) Field distribution inside the reduced size ellipsoidal filled with lossless dielectric material. (b)
Magnification of the field distribution inside the human head model (head center 8 cm away from the focal
point along the x-axis).
Future research, including mainly phantom experiments implementing the above ideas will
illustrate the value of the present simulation study. Also, further simulation scenarios will be
investigated following various combinations of matching materials and operation frequencies in
order to manipulate more effectively the position and the dimensions of the focal area inside the
human head and hence, further explore the system’s potential use as a brain imaging device.
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